). This was evident in all of the trunk cultures, and Summary 20%-30% of the total cells were collagen I positive. Notably, in both midbrain and trunk cultures, the collaDuring early vertebrate development, neural crest gen I-positive cells displayed overt osteoblast morpholcells emerge from the dorsal neural tube, migrate into ogy. Similarly, we analyzed midbrain and trunk crest the periphery, and form a wide range of derivatives.
contributed to the developing Meckel's cartilage and more dorsally located cranial sensory ganglia, and that bilateral grafts of trunk neural tube into the head proScleral cartilage that surrounds the eye, counterstained with alcian blue (Figures 3C, 3E , and 3G) and with colladuced phenotypes similar to those observed when the cranial crest is ablated [5, 6] . Here, we show, however, gen II antibody ( Figures 3B, 3D, and 3F) . Thus, when placed in the cranial environment, trunk neural crest that the trunk crest does have skeletogenic potential. We have cultured trunk neural crest cells in medium that cells can respond to skeletogenic cues and can contribute to the cranial skeleton. Interestingly, in our experispecifically promotes the differentiation of cartilage and bone cells, and, under these conditions, they will form ments, the trunk neural crest cells were, by and large, scattered in these skeletal elements, which may suggest these cell types. We also show that, if trunk crest cells are directly placed into the developing facial structures, that community effects from the host cranial crest may play an important role in directing the fate of these trunk circumventing migratory problems, then these cells will contribute to cranial skeletal elements. This work is in crest cells.
It has long been evident that neural crest cells from keeping with and supports a previous finding that mouse trunk crest cells have odontogenic potential [11] . Inparticular axial levels form a restricted set of derivatives: sympathetic neurons arise from the trunk crest, enteric deed, taking all the relevant studies into account, it seems that crest cells from all axial levels have similar neurons from the vagal and lumbosacral crest, and cartilage and bone from the cranial crest [7] . However, it has potentials and share the ability to generate the broad repertoire of possible crest derivatives but that all crest also been shown that crest cells from all axial levels have the potential to form sympathetic neurons and cell fates are normally controlled through environmental factors in the embryo. enteric neurons [10] . Thus, with regard to sympathetic and enteric neurons, the apparent fate restriction eviAlthough, the skeletogenic potential of the trunk crest is not realized during normal amniote development, dent during development is due to environmental factors and is not intrinsically programmed within the neural studies on fossil and extant lower vertebrates suggest that it may have been utilized in these animals. There crest. Contrastingly, it has long been believed that skeletogenic potential was an intrinsic feature of the cranial are many fossil fish that display extensive postcranial exoskeletal coverings of dermal bone and dentine, two crest [5, 6] . Trunk neural crest cells were not observed to generate skeletogenic cell types when cultured in cell types that are neural crest derived [12, 13] . The presence of these derivatives in the trunk of these animedia that would support a range of neural crest derivatives, including neurons, glia, and melanocytes, nor were mals could of course be due to massive caudal migration of cranial crest cells, but given the results presented they found to contribute to cranial skeletal elements after heterotopic transplantation of trunk into head. Yet, here, it seems reasonable to interpret this as evidence of the trunk neural crest realizing its skeletogenic potenin these experiments, the absence of skeletogenic derivatives from trunk crest cells may not reflect a lack of tial in the early vertebrates. Furthermore, some extant species also have exoskeletal elements in their trunk, potential but rather a failure of the culture conditions to promote and support skeletogenic derivatives and, in and a study on zebrafish has shown that the lepidotrichia, the distal mineralized portion of the fin rays, the grafts, a failure of these cells to migrate and behave appropriately. Indeed, it was noted in the grafts that the seem to have a neural crest origin [13, 14] . Amniotes, however, have no trunk exoskeletal elements. Yet, while trunk neural crest cells did not contribute extensively to the branchial arches but were often associated with the there has been successive reductions in the exoskele- the neural tube was removed and the media was supplemented PCR products were blotted and probed with a subclone of chick Cbfa1. with 10 mM ␤-glycerophosphate, 50 g/ml ascorbic acid, and 10 Ϫ7 M dexamethasone [1] .
Cultures were fixed and stained with 1% alcian blue in 3% acetic Analysis of Quail Trunk Neural Crest Grafts acid (pH 1.0), followed by 40 mM alizarin red-S (pH 4.2), which label Quail spinal cord was isolated and cultured overnight in four-well cartilage and bone, respectively, or were labeled with monoclonal dishes in F-12 media. The pieces of neural tube were then removed, collagen I or II antibodies (Developmental Studies Hybridoma Bank), and the crest cells were trypsinized and spun at low speed to form detected with a FITC-coupled secondary antibody. loosely packed aggregates. These aggregates were then implanted in the first arch of stage-14 chick embryos. Chick embryos that had RT-PCR and Southern Blot received grafts of the quail trunk neural crest were incubated up to RNA was extracted from cultures using Trizol reagent (GIBCO) as per stage 36, processed into wax, sectioned, and labeled with QCPN the manufacturer's instructions. AMV-first strand cDNA synthesis kit antibody as described previously [16] . Slides were then counter-(Roche) was used to produce cDNA, which was subsequently used stained with Lison's stain [17] or with polyclonal collagen II antibody in RT-PCR with Taq polymerase (Bioline) to produce a 497-bp frag-(Novacastra), detected with an AP-tagged secondary antibody, to ment of chick Cbfa1. Primer sequences used were: Cbfa1 (F) 5Ј-show differentiated cartilage. TAACCGCACCATGGTGGAGATCAT-3Ј and Cbfa (R) 5Ј-ACTCCGC CCTGTGGATGAGAGTAT-3Ј. PCR conditions used were: 94ЊC for 2 min ϫ 1 cycle, 94ЊC for 30 s, 56ЊC for 2 min, and 72ЊC for 2 min ϫ
